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Introduction
Polyglucose synthesis was induced through the synthetic principle of enzyme histochemistry. The linear structure of a-1,4glucosidic linkage synthesized from glucose 1-phosphate by phosphorylase activity in animal tissue cells was clearly demonstrated blue with iodine stain (13) . It formed amorphous figures, showing no distinct morphological structure on electron microscopy (6, 15) . The synthesized polyglucose was readily digested by a-amylase as well as /3-amylase and disappeared morphologically.
Branching polyglucose of a-1,4-1,6-glucosidic linkage synthesized from the substrate by both phosphorylase and branching glycosyltransferase activities in animal tissue cells stained purple to red with iodine and was not completely digested by 13-amylase (8) . It formed electron microscopically characteristic particles of various sizes (1, 14, 17) . The structure of these particles closely resembled that of glycogen obtained by the ultracentrifugation technique and was clearly demonstrated as a spherical branching body on electron microscopy (3, 9, 10) . The polyglucose with a-1,4-1,6-glucosidic linkage synthesized in animal tissues by the enzyme activities was clearer in configuration and structure than endogenous native glycogen, since it could be formed in a larger size due to the technical approach used (12) . It was thus found that synthesized polyglucose itself is glycogen with regard to structure and properties, the only 'Presented as part of the program at the 1982 Joint Meeting of the American and Japanese Histochemical Societies, held in Vancouver, British Columbia, Canada, July 20-24, 1982.
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differences being in the size and molecules of the individual particles.
Similar synthesis of glycogen in tissue cells was also detected using uridine diphosphate glycogen glucosyltransferase by means of similar techniques (11, 16) . Recently, thymidine diphosphate glucose and guanosine diphosphate glucose have been successfully utilized instead of uridine diphosphate glucose (4) .
The purpose of the present study was to identify macromolecular glycogen in animal tissue cells more precisely by employing skillful techniques and to determine its macromolecular structure from the electron microscopic figures and chemical background.
Materials and Methods
Various tissues, especially liver and muscle of human, rat, and rabbit, were used. For synthesis of glycogen in the tissue cells, two pathways through the phosphorylase and branching glycosyltransferase system and the uridine diphosphate glucose-glycogen glucosyltransferase system were utilized. As the substrates of the enzymes, sodium glucose 1-phosphate was employed for the first pathway and uridine diphosphate glucose for the second pathway. Thymidine and guanosine diphosphate glucoses were also utilized in place of uridine diphosphate glucose. The histochemical and electron cytochemical procedures for glycogen synthesis from these pathways were performed according to Takeuchi's original methods and modified techniques (14-17), but modified as regards electron microscopy. The ultrafine configuration and structure of the synthesized glycogen were compared with native glycogens that were negatively stained following ultracentrifugation and purification techniques based on Iwamasa's procedures (2) .
The iodine reaction and periodic acid-Schiff's stain for light microscopy, and the periodic acid-thiocarbohydrazide-silver proteinate (PA-TCH-SP) (18) and alkaline bismuth (7) stains of the methods of Thiery and Shinji et al. for electron microscopy were utilized, respectively.
Results and Discussion

Ultra/me Structure of the Synthesized Glycogen
According to the activities of the enzymes in tissue cells incubated in conditioning substrate mixtures, various sizes and structures of glycogen could be artificially synthesized. The small sizes of the particles of synthesized glycogen ranged from amorphous substances to 10 nm in diameter, whereas the largest particles reached about 300 nm in diameter. Accordingly, the ultrafine structure of the glycogen particles could be identified by observation of the largest particles selected. As shown in negative ultramicrographs (Figure 1 ), the synthesized glycogen particles were about 300 nm in diameter and the individual particles appeared to consist of individual macromolecules having 6 to 10 large branches from which smaller branches depended. The smaller branches presumably consisted mostly of so-called Meyer structure glycogen, which is known chemically to represent glycogen containing 178 molecules of a-1,4-1,6-glucosidic linkages.
Comparison of Native Glycogen and Synthesized Glycogen
The native glycogen particles obtained from hepatocytes were in general largest under physiological conditions. As reported previously by Takeuchi (9), Iwamasa (2), and Iwamasa et al.
(3), the hepatic glycogen particles appearing as small rosettes in ultrafine configurations were individual macromolecules composed of large spherical branching bodies of various sizes, from 100 to 400 nm in diameter, and consisting of a-1,4-1,6glucosidic linkages. It was confirmed, moreover, by comparison experiments on both the structure of glycogen macro-molecules obtained from rat liver by ultracentrifugation and purification procedures and the structure of glycogen macromolecules synthesized histochemically in endothelial cells that the image of the spherical branching body from centrifugation was very similar to the ultrafine structure of synthesized glycogen macromolecules (Figure 2 ). This fact was recognizable only by observation of the largest macromolecular particles of glycogen histochemically synthesized.
Localization and Distribution of Glycogen Macromolecules
The localization and distribution of glycogen in the tissue cells were not always related to the ultrafine structure of intercellularly specific elements. There were no differences in localization and distribution between native glycogen and synthesized glycogen, apart from a wider distribution in the synthesized glycogen, since the histochemical synthesis usually occurred more abundantly. The deposition of glycogen macromolecules took place in the matrix among the membranous elements ( Figure 3 ). There were, however, no apparent specific relationships between the synthesized glycogen particles and the membrane system. There seemed to be no direct relationship between glycogen synthesis from glucose 1-phosphate by the phosphorylase-branching glycosyltransferase system and from the uridine diphosphate glucose-glycogen glucosyltransferase system and the membrane system. If glycogen synthesis could occur on the membrane system, as reported for a few investigators (5, 19) , the spherical branching body as a glycogen macromolecule would roll on the membrane during its synthesis and breakdown. Such a phenomenon was not physiologically evident and also seemed physically unreasonable, because the glycogen structure was a spherical branching body with outer chains of a-1,4-1,6-glucosidic linkages. Enzymes for synthesis and breakdown of glycogen macromolecules were presumably localized with glycogen in the matrix among the membranous elements as free protein or substrate-enzyme complex, although some enzymes for glycolysis and glucogenesis could be located on the membrane system. It might also be verified by the fact of intranuclear glycogen synthesis from glucose 1-phosphate, which was rarely observed in our experiments, because glycogen particles could not penetrate the nuclear membrane and the free enzyme proteins were able to enter the nucleus. However, glycogen macromolecules appeared to be able to move with the cytosol in the cytoplasmic matrices among the membrane system by some other, unknown power.
Arrangement of Glycogen Particles
Since glycogen is a macromolecule consisting of a spherical branching body with outer and inner chains of a-1,4-glucosidic and a-1,6-glucosidic linkages, it appears morphologically under the electron microscope to be a glycogen particle. According to its rate of synthesis and breakdown, the particle could be variable in size, and the size and structure could be related to the activities of enzymes. In general, the glycogen molecules appeared to be free in the cytoplasmic matrices and to make contact with related enzymes, presumably forming enzyme-substrate complex.
Under pathological and nonphysiological conditions in the cytoplasm, individual particles of glycogen macromolecules could be free in many cases, but they could rarely in fact assume particular arrangements. Sometimes a bead-string arrangement of particles could be observed. It was also possible for this to be formed histochemically during glycogen synthesis. Sometimes a crystalline array of particles, making up a picornavirus-like inclusion, was observed in the case of polymyositis. The same-sized particles could be arranged in a special pattern. These arrangements appeared to result from physical attachment rather than from chemical function.
Relationship Between Enzyme and Synthesized Glycogen
The size and structure of the synthesized glycogen macromolecules were variable and were related to the activities of enzymes in the tissue cells. The enzyme activities were also varied in the tissue cells and were related to the kinds of cells. In general, smaller molecules of synthesized glycogen appeared to have longer outer chains of a-1,4-glucosidic linkages. They showed a tendency to stain blue in the iodine reaction histochemically, whereas the larger macromolecules tended to stain red with iodine, because of having shorter outer chains, in spite of the larger spherical branching bodies.
The uridine diphosphate glucose-glycogen glucosyltransferase system could synthesize glycogen particles relatively similar to native glycogen, whereas the phosphorylase-branching glycosyltransferase system could yield glycogen macromolecules of varied size and structure, according to the condition of the substrate mixture and the kind of cell.
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